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Abstract
The Lorentz oscillator system is studied to interpret the spectral lines of hydrogen atoms. The
dielectric constant of this system is analyzed, which takes into account the electrical polarization
of hydrogen atoms.
This dielectric constant gives the red shift of the spectral line and the appearance of the optical
spectrum dip. This dip is on the blue side of the spectral position of the shifted line.
The value of this red shift and the width of this dip strongly depend on the hydrogen atom
concentration and the spectral position of the not shifted line. This red shift increases with an
increase in the hydrogen atom concentration.
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I. INTRODUCTION
The substance spectral line research is the subject of optical spectroscopy since its origin.
Modern physics and astrophysics use it [1–5]. The Lorentz oscillator gives a simple but
successful classical model of the spectral line. It is widely utilized to interpret substance
spectral lines [3–5].
The dielectric constant of a substance expressed through this substance electrical conduc-
tivity gives optical properties of this substance [5–8]. However, both the external electrical
conductivity of this substance and its internal electrical conductivity characterize this sub-
stance [9–11].
According to the definition of the dielectric constant of a substance, the internal electrical
conductivity of this substance determines this constant [6–11].
The external electrical conductivity of a substance is used traditionally instead of its
internal electrical conductivity in the dielectric constant of this substance. This use is the
approximation that does not take into account the electrical polarization of charge carriers
of this substance [12–18]. The difference between the external electromagnetic field acting
on this substance and the internal electromagnetic field acting in this substance is absent in
this approximation.
Optical transitions of electrical charges in a substance take place under the influence of
the internal electromagnetic field in this substance. Molecular spectroscopy considers the
effect of the difference between external and internal electromagnetic fields in a substance.
Molecular spectroscopy shows the single-molecule spectrum that can differ from the molecule
system spectrum [1].
The article is organized as follows: Sec. II discusses the difference between external and
internal electrical conductivities. Sec. III gives optical properties of the substance modeled
by the Lorentz oscillator system that does take into account the electrical polarization of
this system. Sec. IV considers the application of the results of Sec. III to the spectral lines
of hydrogen atoms. Sec. III gives the final discussion and conclusions. This article uses
Gaussian units.
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II. EXTERNAL AND INTERNAL ELECTRICAL CONDUCTIVITIES
The article considers an optically isotropic substance. Let the external electrical conduc-
tivity and the internal electrical conductivity of this substance be scalars but not tensors.
They depend on the frequency ω of the light wave but do not depend on its wave vector.
Hence, the dependence of the external electric field and the internal electric field on the
wave vector not considered.
Let the external electric field dt = D (ω) exp(iωt) act on the substance. Here, t is time;
D (ω) is the this field amplitude. The electric current density that has the amplitude j(ω)
arises in the substance under this field action. The following equation gives this current
density
j (ω) = σ(ω)E (ω) = s(ω)D (ω) . (1)
Here, E (ω) is the internal electric field that acts in the substance.
The relation (1) defines two different conductivities [9–11]. The external conductivity
s (ω) is determined by the Kubo formula [9]. It differs from the internal conductivity σ (ω).
This difference between s (ω) and σ (ω) is due to the difference between the fields E (ω) and
D (ω) because the following equation takes place
D (ω) = E (ω) + 4πP (ω) . (2)
Here, P(ω) is the substance electrical polarization vector as well as [5–11]
P(ω) =
j(ω)
iω
. (3)
The following relationship determines the substance dielectric constant ǫ (ω) [5–11]
D(ω) = ǫ(ω)E(ω). (4)
Eqs. (1)–(4) give
ǫ(ω) = 1 +
4π
iω
σ(ω). (5)
Further, we have the following from Eqs. (1), (4)
σ(ω) = s(ω)ǫ(ω). (6)
In addition, Eqs. (5), (6) give the following relationship between s and σ
σ(ω) =
1
1− 4πs(ω)/(iω)
s(ω). (7)
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The conductivities s and σ of the Lorentz oscillator system were considered in [16].
In general, s and σ are not scalar quantities, and there are complex matrix relations
instead of Eqs. (1)–(7).
III. ELECTRICAL POLARIZATION INFLUENCE ON SPECTRAL LINES
Let us consider the system of identical Lorentz oscillators having the concentration n.
Let m be the oscillator mass, e be the oscillator charge, and γ be the damping oscillator
factor. Lat ω0 be the frequency of one oscillator before taking into account the electrical
polarization of the oscillator system. The frequencies of these oscillators are associated with
the spectral lines of atoms in this article.
The dielectric constant ǫ(ω) of this Lorentz oscillator system that does take into account
the electric polarization has the form of [16]
ǫ(ω) = 1 + ω2p
1
Ω2
0
− ω2 + iγω
. (8)
Here, the following formulas give the frequencies ωp and Ω0
ω2p =
4πe2n
m
, (9)
Ω2
0
= ω2
0
(
1−
(
ωp
ω0
)2)
. (10)
The frequency Ω0 is the frequency of one oscillator after taking into account the electrical
polarization of this oscillator system [16].
The dielectric constant of this system of Lorentz oscillators ǫs(ω) that does not take into
account the electric polarization has the form of [16]
ǫs(ω) = 1 + ω
2
p
1
ω2
0
− ω2 + iγω
. (11)
Eq. (10) gives the decrease in the frequency Ω0 when the oscillator concentration n in-
creases. There is an agreement between this theoretical result and the experimental results
of the optical spectra of lattice vibrations [16].
Let us consider the spectral line of a substance atom. We believe that Eqs. (8)–(11)
give the dielectric constant of this substance, in which n is the atom concentration, e is the
electron charge, and m is the electron mass. In this case, ω0 is the spectral line frequency
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of an isolated atom or the oscillator frequency without taking into account the electric
polarization of the oscillator system. However, Ω0 is the spectral line frequency of a substance
atom or the oscillator frequency with taking into account this electrical polarization.
The following formulas give the real and the imaginary part of the dielectric constants
ǫ(ω) and ǫs(ω)
ǫ1 (ω) ≡ Re ǫ (ω) =
(ω2
0
− ω2) (Ω2
0
− ω2) + γ2ω2
(Ω2
0
− ω2)
2
+ γ2ω2
, (12)
ǫ2 (ω) ≡ − Im ǫ (ω) = ω
2
p
γω
(Ω2
0
− ω2)
2
+ γ2ω2
, (13)
ǫs1 (ω) ≡ Re ǫs (ω) =
(ω2
0
− ω2)
(
ω2
0
− ω2 + ω2p
)
+ γ2ω2
(ω2
0
− ω2)
2
+ γ2ω2
, (14)
ǫs2 (ω) ≡ − Im ǫs (ω) = ω
2
p
γω
(ω2
0
− ω2)
2
+ γ2ω2
. (15)
Light waves do not pass through a substance in which the real part of the dielectric
constant of this substance is negative at the frequency of these waves. Therefore, the optical
spectrum of this substance has a dip at these wave frequencies. If there is the approximation
γ → 0, then Eq. (12) gives that the condition ǫ1 (ω) < 0 takes place at the frequency range
Ω0 =
√
ω2
0
− ω2p < ω < ω0. (16)
However, in the same approximation, Eq. (14) gives that the condition ǫs1 (ω) < 0 takes
place at the frequency range
ω0 < ω <
√
ω2
0
+ ω2p. (17)
Eqs. (16) and (17) give the fact that the model of the Lorentz oscillator system that takes
the electrical polarization of this system into account and the model of the Lorentz oscillator
system that not takes the electrical polarization of this system into account have the dip in
optical spectrum in different frequency ranges.
The maximum of the imaginary part of the dielectric constant determines the spectral
line place if the frequency dependence of the real part of this dielectric constant not taken
into account. This article uses such a method. In this case, formulas (13) and (15) give
different places of the spectral line.
The wavelength of light λ0 = c2π/ω0 corresponds to the Lorentz oscillator system without
taking into account the polarization. This wavelength λ0 gives the spectral line of an isolated
atom in the optical spectrum. Here, c is the light velocity in free space.
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The wavelength of light λ1 = c2π/Ω0 corresponds to the Lorentz oscillator system taking
into account the electrical polarization. It gives the spectral line of a substance atom. This
polarization gives the next wavelength shift to the red side ∆λ = λ1−λ0. Besides, following
Eq. (9), the dip in the optical spectrum is on the blue side relative to the place of this
shifted line.
The redshift parameter of the spectral line is z(λ0) = ∆λ/λ0. Eq. (10) gives
z (λ0) =
λ1 − λ0
λ0
=
ω0
Ω0
− 1 =
1√
1− ω2p/ω
2
0
− 1. (18)
Let be λp = c2π/ωp = (c/e )
√
πm/n . Then, Eq. (18) gives
z (λ0) =
1√
1− λ2
0
/λ2p
− 1 =
1√
1− n/N(λ0)
− 1. (19)
Here,
N(λ0) =
πmc2
λ2
0
e2
=
π
r0λ20
(20)
is the characteristic concentration that depends on the wavelength λ0 and the parameter
r0 = e
2/(mc2). If m be the electron mass and e be the electron charge, this parameter is
the classical electron radius.
According to Eq. (18), only if the condition ω0 > ωp takes place, the line having the
wavelength λ1 = λ0 +∆λ is observed in the spectrum. Otherwise, the limit ω0 → ωp gives
∆λ→∞. The vibrations of the oscillator disappear in this limit. In that case, the spectral
line vanishes.
Namely, the observed wavelength λ1 = λ0 + ∆λ of the spectral line of the substance
is present in its spectrum only if the initial wavelength λ0 is less than the wavelength λp.
Therefore, the following condition must take place to observe this line
λ0 < λp =
√
π
r0n
=
c
e
√
πm
n
. (21)
Condition (21) gives the following restriction on the atom concentration n
n < N(λ0). (22)
Condition (22) indicates that the observed wavelength λ1 = λ0 +∆λ of the spectral line of
the substance exists in its spectrum only if the concentration n is less than the concentration
N(λ0), which depends on the wavelength λ0.
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IV. SPECTRAL LINES OF HYDROGEN ATOMS
Let us consider hydrogen atom spectral lines in terms of the results of the previous section.
Hydrogen exists in the molecular state under usual laboratory conditions. A small part
of its molecules are destroyed to atoms (for example, by an electric discharge) to observe
the spectrum of hydrogen atoms. However, the dependence of the spectral place of the
hydrogen atom line on the hydrogen atom concentration is not studied. On the other hand,
the interstellar medium has hydrogen atoms having different concentrations. There are many
experimental results of their optical spectra.
As stated above, the wavelength of the spectral line of hydrogen atoms λ1 depends
strongly on the atom concentration n and the characteristic concentration N(λ0) deter-
mined by the spectral line wavelength of an isolated atom λ0.
Figure 1 shows the dependence of N(λ0) on the wavelength λ0. It gives that the value
of N(λ0) is very high in the optical range of the wavelengths λ0. However, the value of the
red shift parameter of the rarefied gas of hydrogen atoms is very little in this wave range.
The interstellar medium has the hydrogen atom concentration n in the range of n = 10−3−
104 cm−3 (Table 1.3 [19]). At this atom concentration, the red shift of spectral line may
be significant in the radio-frequency range of wavelengths. For instance, the concentration
N(λ0) is about 10
9 cm−3 at the wavelength λ0 = 10
2 cm.
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FIG. 1. The dependence of the concentration N(λ0) on the wavelength λ0.
Figure 2 shows the dependence of the red shift parameter z(λ0) on the wavelength λ0
at the concentration n = 104 cm−3. It gives that the red shift parameter z(λ0) strongly
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FIG. 2. The dependence of the red shift parameter z(λ0) on the wavelength λ0 at the concentration
n = 104 cm−3.
depends on the wavelength λ0.
The interstellar matter exists both in the gas state and in the dust state [2, 19–21].
Hydrogen is the main component of the interstellar matter [2, 19]. Because of the low
temperature of interstellar medium, the dust surface may be covered by frozen hydrogen [19–
21]. Hydrogen atoms can penetrate some solids and reach a high atom concentration that
comparable to the atom concentration of solids [22, 23]. However, at the same time, they
can remain in the atomic state [22, 23].
Dust clouds are of great importance for the physical processes in quasars [24]. Possibly,
depending on the conditions of the dust particles, the hydrogen atom concentration in these
particles can vary from small values to values that are inherent in solids.
The Lyα line of optical spectrum of an isolated hydrogen atom has the wavelength
λ0 = 1.216 · 10
−5 cm. Eq. (20) gives the value N (λ0) = 7.54 · 10
22 cm−3 at this value of
λ0. Such a value of N(λ0) is close to the atom concentration in a solid. Solid bodies have
the atom concentration of the order of 1023 cm−3. Therefore, Eq. (19) gives z (λ0) >> 1 at
the hydrogen atom concentration n in dust particles that are close to this value of N(λ0).
Figure 3 shows the dependence of the redshift parameter z(λ0) on the hydrogen atom con-
centration n at the wavelength λ0 = 1.216 · 10
−5 cm. It gives that a quasar dust cloud can
give a high value of this parameter if the dust particles of this cloud have a high hydrogen
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atom concentration.
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FIG. 3. The dependence of the red shift parameter z(λ0) on the concentration n at the wavelength
λ0 = 1.216 · 10
−5 cm.
V. DISCUSSION AND CONCLUSIONS
If we take into account the electrical polarization of hydrogen atoms, then the red shift
of spectral lines of these atoms and the dip in their optical spectrum appear. This dip is
on the blue side relative to the place of the shifted line. The red shift value and the width
of the dip strongly depend on the hydrogen atom concentration and the place of the not
shifted line.
This effect is significant for interstellar hydrogen atoms if the wavelength of the spectral
lines of these atoms is in the radio frequency range.
The value of this effect can be significant for the optical spectrum of hydrogen atoms that
can be in interstellar dust clouds. Perhaps this is due to the high concentration of hydrogen
atoms in the dust substance.
Quasars in which dust clouds are of significant importance [24] give experimental spectra
with such features [3, 24, 25]. The line Lyα of hydrogen atoms of quasars has a high red
shift (Fig. 14.4 [3], Fig. 1 [24], and Fig. 8 [25]). Besides, this line has a dip on the blue side
relative to the shifted line (Fig. 14.4 [3], Fig. 1 [24], and Fig. 8 [25]).
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These results are essential for astrophysics. Therefore, it is desirable to test them exper-
imentally in terrestrial laboratories. Indeed, in laboratory conditions, there are methods to
obtain and stabilize hydrogen atoms both in the state of free gas [22, 26, 27] and as part of
a solid [22, 23].
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